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NOTICES

When US Government drawings, specifications, or other data are used for any
purpose other than a definitely related Government procurement operation, the
Government thereby incurs no responsibility nor any obligation whatsoever, and
the fact that the Government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data, is not to be re-
garded by implication or otherwise, as in any manner licensing the holder or
any other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be related
thereto.

The mention of trade names or commercial products in this publication is for
illustration purposes and does not constitute endorsement or recommendation for
use by the United States Air Force.

Do not return this copy. Retain or destroy.

Please do not request copies of this report from the USAF Hospital Wiesbaden.
Additional copies may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government Agencies and their contractors registered with the (DTIC)
should direct requests for copies of this report to:

Defense Technical Information Center (DTIC)
Cameron Station
Alexandria, Virginia 22314
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Herr Dr Klippel, Chemist

Ms Carol Savakes, Secretary

Ms Debbie Wilson, Secretary

We are also grateful for the analytical support and supplies provided by
the USAF School of Aerospace Medicine (SAM) and the USAF Occupational and
Environmental Health Laboratory (OEHL) both at Brooks AFB, Texas.

This report has been reviewed by the public affairs officer and is releas-
able to the National Technical Information Service (NTIS). At NTIS it will be
available to the general public, including foreign nationals.

This report has been reviewed and is approved for publication.
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SECTION I
INTRODUCTION

Headquarters USAFE/DEMO requested an industrial hygiene survey as part of a
NATO evaluation of aircraft refueling inside of closed aircraft shelters.
Tests were conducted at three locations in order to cover a wide range of
environmental and physical conditions. Warm weather tests were done at Larissa,
4 Greece in August 1980. A moderate climate was studied at RAF Alconbury, UK in
2 October 1980. A cold weather test was performed at Bardufoss, Norway in December
i 1980. This report describes and gives the results of the industrial hygiene
evaluation.

The tests ‘nvolved different combinations of aircraft, shelters, and fuel.
At Larrissa, F-4 Aircraft were fueled with JP-4 in a TABVEE shelter (i.e. first
generation shelter). At RAF Alconbury, F-4 aircraft were fueled and defueled
with JP-8 in a third generation aircraft shelter. The tests at Bardufoss
involved F-104 aircraft, Jet B fuel and a TABVEE type shelter.




SECTION 11
BACKGROUND

In many NATO countries specia) concrete shelters housing single aircraft
have been constructed to keep tactical aircraft dispersed and to protect them
from attack by bombs and guerilla action. For maximum security it would be
desirable to conduct every support operation, including refueling, inside such
shelters with doors closed, if permissable from a safety and health standpoint.
Under current USAF and NATO regulations and dirvectives, based upon what infor-
mation is available, such procedures would be strictly prohibited. Any relax-
ation of these safety and health measures could be justified only by better data
or combat urgency.

Past studies (References 1 and 2) have concentrated mostly on the safety
aspects of in-shelter and in-hanger refueling. Relatively little attention has
been given specifically to the health aspects of in-shelter refueling. Other
industrial hygiesne evaluations (References 3 and 4) have included refueling as
part of more complex test programs but in general, have not isolated and inde-
pendently evaluated the case of closed door in-shelter refueling as was done in
the present study. Jackson (Reference 4) for example, concludes that fuel vapor
levels in TABVEE shelters during closed door refueling have not been well defined
and recommends additional testing. Where possible, data from previous studies
have been compared with data obtained in this survey.




SECTION III
SHELTER DESCRIPTION AND TEST SCENARIOS

The test scenario at each location (i.e. Larissa, Alconbury, and Bardufoss)
was in principal the same. Immediately after landing, the aircraft was parked
in the shelter and refueled. Both the front and exhaust port doors of the
shelter were closed during refueling and no additional ventillation was present.

Each test differed in detail. Table I lists the most important conditions.
Also included in Table I is information about tests done in previous evaluations
of in-shelter refueling (References 2 and 4). 1

Only test E involved aircraft defueling. During defueling an AM32A-60
turbine generator provided electrical power. The generator was positioned near
the partially opened shelter exhaust port to increase the likelihood of gener-
ator exhaust exiting the shelter.

The Jet B fuel used at Bardufoss has bulk properties basically the same as 4
JP-4 (Reference 5).
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SECTION 1V
INDUSTRIAL HYGIENE CONSIDERATIONS

On tests in which the fuel truck remained outside the shelter the only
poliutant released into the shelter was fuel vapor displaced from the
aircraft fuel tanks or evaporated as a result of a fuel spill. Significant
spills {i.e. 10 to 20 liters) did occur at Bardufoss when aircraft fuel
tanks overflowed through vent holes before the fuel supply was shut off.

On tests in which the fuel truck or AM32A-60 generator operated inside the
shelter, combustion generated pollutants (i.e. carbon monoxide {CO), un-
burned hydrocarbons (UBHC), and oxides of nitrogen (NO_)} were also re-
leased into the shelter environment. X

Since the amounts of combustion generated pollutants could be estimated
from known emission factors and previous data, the major effort in this
study was directed at measuring fuel vapor concentrations in the breathing
zone of personnel in the shelter. Unfortunately there is no short term
exposure limit (STEL) or workday permissable exposure limit (PEL) esta-
blished specifically for jet fuel vapors. However, the limits developed
for refined petroleum solvents is the most appropriate criteria for avia-
tion fuels. The recommended standard (Reference 6) is 350 mg/m’® for a 10
hour time weighted exposure (i.e. PEL) and 1800 mg/m’ for a short term
exposure (15 minutes) of personnel (i.e. STEL).

Considering the short time required for an in-shelter refueling (see
Table 1), the health criteria which best applies is the STEL. The STEL
(Reference 7) is the maximal concentration to which workers can be exposed
for a period up to 15 minutes continuously without suffering irritation,
irreversible tissue change or narcosis of sufficient degree to increase
accident proneness or reduce work efficiency provided that no more than
four exposures per day are permitted, with at least 60 minutes between
exposure periods, and provided that the PEL is also not exceeded.

Benzene deserves special mention since it has toxic properties thought
to be unique among hydrocarbon compounds. At high enough exposures over
sufficient time periods, benzene exerts a toxic effect on the body's blood
forming argans causing aplastic anemia and other severe disorders. Benzene
is present in aviation fuels but most refiners find it more valuable as a
petrochemical feedstock and so separate it from fuel streams for other
uses. Experience in USAFE indicates the benzene content of JP-4 and JP-8
never to be greater than 0.37 volume percent and typically less than 0.2
volume percent. Current Air Force directives (ETAFOSH Standard 161-7)
exempts work areas where the benzene containing materials have less than 1%
bezene by volume and initial measurements or calculations verify that the
PEL is not exceeded. It can be readily calculated that if the benzene
content is below 0.5% by volume the airborne concentration will always be
below 1 ppm PEL. Therefore, benzene exposure was not specifically con-
sidered in this study.

Eye irritation can be a problem in aircraft shelters {(Reference 3).
Unfortunately it is very difficult to pinpoint the chemical species respon-
sible for eye irritation. Experience indicates that eye irritation is
associated with combustion generated pollutants and not fuel vapors alone.
tye irritation is frequently attributed to aldehydes and acrolein in the
exhausts of combustion sources.




sources. No permanent eye injury is connected with photochemical air pollution
(Reference 8) and presumably this same guideline applies to eye irritation

noted during certain in-shelter operations. Because of the potential for eye
irritation, subjective attention was given to this possibilty during the surveys.

The use of JP-8 rather than JP-4 or Jet B is an advantage in considering
fuel vapors. The vapor pressure of JP-8 is an order of magnitude less than JP-
4 at 311K (100°F) (Reference 9). This means substantially less fuel vapor is
vented from a JP-8 fueled aircraft during refueling compared with JP-4 or Jet
B.

Temperature has a dramatic effect on fuel vapor pressure and is an impor-
tant factor in determining the amount of fuel vapor vented during refueling
(see Appendix A). For example at -5°C (i.e. Bardufoss ambient temperature) the
vapor pressure of JP-4 is 41 mmHg while at 27°C (i.e. Larissa ambient temperature)
the vapor pressure of JP-4 is 103 mmHg.

Shelter volume is important from a pollutant dilution aspect. A third
generation shelter contains almost three times the interior volume of a TABVEE
shelter and offers three times the dilution volume.
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SECTION V
TEST PROCEDURES AND ANALYTICAL METHODS

Prior to each test, fuel crew members were outfitted with personal air
sampling equipment designed to measure fuel vapor concentrations in their
breathing zones. Only crew members who stayed inside the shelter during a test
were outfitted. For example if the fuel truck and driver were inside the
shelter then the driver was equipped, if the fuel truck and driver were outside
the shelter then the driver was not outfitted with sampling equipment. Typically,
two or three crew members were involved on each test. As soon as practicable
after each test, the personal sampling gear was removed from the crew members.

The sampling time was about 20 minutes,

In addition to the crew member samples, two or three other samples for fuel
vapors were obtained on each test. In some cases the sampling equipment was
attached to bioenvironmental team members who randomly walked about the shelter
during a test, in other cases the sampling equipment was set up at a fixed
location in the shelter. The samples obtained by both these methods are re-
ferred to as area samples,

The method for sampling fuel vapors involved sorption on charcoal tubes.
This is the prccedure recommended by the National Institute for Occupational
Safety and Health (NIOSH) for refined petroleum solvents (Reference 6). DuPont
Model P-4000 personal sampling pumps were used to produce flow at a nominal
rate of 0.5 liters per minute through the charcoal tube. A precision rotameter
was used to measure the flow. The exact sample volume at standard temperature
and pressure (i.e. 25°C and 760 minHg) was calculated post test.

Charcoal tube analysis was performed at the USAF Hospital Wiesbaden. The
technique requires fuel vapor desorption with carbon disulfide and detection by
a gas chromatograph equipped with a non-polar column.

On test G (i.e. fuel truck in-shelter), carbon monoxide (CO) levels were
measured with a direct reading instrument (Ecolyzer Model 2000) which uses an
electrochemical detector to measure CO in two ranges: 0-100 ppm (low scale)
and 0-600 ppm (high scale). The instrument was calibrated with factory sup-
plied 50 ppm CO calibration gas at frequent intervals during the test period.

- On certain tests hydrocarbon vapors were also sampled using tenax tubes and
organic vapor passive dosimeters. Tenax is a solid sorbent material which
permits subsequent analysis of hydrocarbon vapors by chemical class and by
individual components. The passive dosimeters use charcoal as the sorbent
material and rely on molecular diffusion to deposit organic vapors. Both the
tenax tubes and passive dosimeters were used to support an experimental passive
dosimeter evaluation program conducted by the USAF Occupational and Environ-
mental Health Laboratory, Brooks AFB, Texas and the USAF Hospital Wiesbaden.
Since the complete results from these samples are not yet available and because
they are not essential to the evaluation of in-shelter refueling, this data is
not presented in this report.




SECTION VI
RESULTS AND DISCUSSION

FUEL VAPQRS: Table 11 gives breathing zone concentrations of fuel vapors
measured during in-shelter aircraft refueling. Table II includes fuel vapor
breathing zone levels measured on previous studies (References 2 and 4). All
results are reported in milligrams fuel vapor per cubic meter and have been
corrected to standard conditions of 298 K and 760 mmHg. The test at Ramstein
(Reference 2) used a Beckman Model 400 total hydrocarbon analyzer to measure
fuel vapors but all other measurements used the charcoal tube technique de-
scribed in Section V.

The results show that the average fuel vapor concentration in a closed
shelter never exceeded the STEL (i.e. 1800 mg/m®) on any test although indi-
vidual samples on test B did exceed the STEL. The high concentrations occurred
during warm weather tests (tests A & B) in a TABVEE shelter using JP-4. High
fuel vapor concentrations are expected at high temperatures because the fuel
vapor pressure is greater and there is better convective mixing in the shelter.
Reference 2 showed that there can be quite a stratification (i.e. high levels
near the floor) of fuel vapor concentrations in closed TABVEE shelters at
moderate temperatures (i.e. 12.8°C). At higher temperatures, better mixing
would be expected to result in higher breathing zone fuel vapor concentrations.

This suggested effect of better in-shelter mixing at elevated temperatures
is supported by data in Table I1I which compares average measured breathing
zone fuel vapor concentrations with calculated values. An example calculation
is shown in Appendix A. The calculated concentrations assume a well mixed
shelter and therefore at higher temperatures the calculated and measured values
tend to agree better. Although this comparison is not conclusive it is certainly
apparent that calculated values are consistently higher than measured breathing
zone levels indicating that some stratification (i.e. incomplete mixing) is
likely even in warm shelters,

Except for tests A, B, and K, the workday permissable exposure level {PEL)
of 350 mg/m® was not exceeded by any individual samples. The relatively high
levels measured on tests A and B can be attributed to the use of a volatile
fuel (JP-4) on a warm day in a small shelter. The high value of 620 mg/m?
reported for Test K maybe atypical because Jackson (Reference 4) reports that
refueling difficulties were experienced during the test and that the process
took 30 minutes to compliete versus the normal 3 to 5 minutes. An exposure
level of 620 mg/m® would meet the workday PEL if the duty day exposure period
was less than 5.5 hours.

The high levels encountered on tests A and B resulted in some breakthrough
of fuel vapors on the charcoal sampling tubes. The charcoal in an individual
tube is divided into two sections called a front half and a back half. Nor-
mally all of the sampled material is collected on the front half, however when
breakthrough occurs, some of the material penetrates to the back half and so it
is not certain whether the collection efficiency was 100% (i.e. some material
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TABLE III

COMPARISON OF MEASURED AND
CALCULATED FUEL VAPOR CONCENTRATIONS

AVERAGE

TEST MEASURED CALCULATED AMBIENT % DIFFERENCE
CONCENTRATION CONCENTRATION TEMP. calc - measured 100

(mg/m*) (mg/m*) (°c) calc. X

A 896 1870 26.7 52

B 1710 1714 26.7 2

C 20 25 10.0 -

D 19 25 10.0 -

F 130 462 -5.0 59

G 133 462 -5.0 7

H 277 1793 12.8 - 85

I 138 303 16.6 54

J 33 278 16.6 88

K 405 640 16.1 37

L 105 769 16.1 86

may have penetrated both parts of the charcoal tube). On tests A and B the
worst breakthrough found 25% of the total catch on the back half of the char-
coal tube. Under these circumstances many would simply add the amount collected
on the front and back portion of the tube and assume that no material was lost.
In our case we used a method (Reference 10) that estimates the amount of fuel
vapor that may have been lost and adds it to the amounts found in the front and

back sections to determine the total. Appendix A gives a sampie calculation.

The results of tests C, D and E illustrate the advantage of using JP-8.
The extremely low measured levels as compared with JP-4 are attributed to the
relatively low vapor pressure of JP-8. JP-8 was not used in a TABVEE shelter
during this study but theoretically (see calculations in Appendix A) the level
of JP-8 vapors would be only 117 mg/m® even if the ambient temperature was 38°C
and as much as 11.3 m® of JP-8 was transferred.

This study did not experimentally address the possibility of fuel spills
inside a closed shelter. Reference 2 did consider this potential hazard using
JP-4 in a closed TABVEE shelter at an ambient temperature of about 13°C.
Measurements were made at elevations of 5 c¢cm and 30.5 cm from the shelter floor
following the spill of 95 liters of JP-4, This amount (i.e. 95 liters) was
considered to be 50% in excess of the maximum spill possible during an in-
shelter refueling. During a 1/2 hour period after the spill the average con-
centration at the 5 cm level was 4500 mg/m® and at the 30.5 cm level 625 mg/m*.
Thus, the fuel vapor concentration at the breathing zone level (i.e. about 150
cm) should be well below the STEL and probably below the PEL.




The data presented in this report indicates that in-shelter refueling using
JP-8 would not pose a health problem regardless of the shelter type or ambient
temperature. The case for JP-4 is not as clear cut. The data for JP-4 is not
directly comparable mostly because each test involved a different combination
of the amount of fuel transferred, shelter volume, and ambient temperature. In
an attempt to normalize the data and make a general conclusion, the measured
average fuel vapor concentrations were divided by the shelter and fuel volume
and plotted versus temperature. The results are shown in Table IV and Figure 1.

If we arbitrarily select 50% of the STEL as the level not to be exceeded
inside of a shelter then Figure 1 shows that the ambient temperature must be
less than 25°C. This will be true regardless of tihe shelter type or amount of
fuel transferred within the 1imits of the data. It is noteworthy that the
Royal Netherlands Air Force (Reference 11) strictly prohibits in-shelter re-
fueling or defueling of aircraft at ambient temperatures above 25°C,

COMBUSTION GENERATED POLLUTANTS: Combustion generated pollutants were
released into the shelter environment on tests in which the fuel truck operated
in the shelter and on test E when an AM32A-60 turbine generator operated during
the only defueling procedure studied. Test E was not preplanned and therefore
a thorough evaluation was not possible with the available monitoring equipment.
The generator is known to produce hazardous noise levels (Reference 12) and ear
protection is required. Ear muffs were worn during test E. Data presented in
Reference 12 shows that carbon monoxide will increase at a rate of 7.3 ppm per
minute in a closed TABVEE shelter when the AM32A-60 is operated. Taking into
account the added dilution volume of a third generation shelter this means that
the average carbon monoxide level after a 20 minute defueling would be about 50
ppm. This is well within 125 ppm carbon monoxide for 3 hours, a level which
the Aerospace Medical Research Laboratory (AMRL) (Reference 13) has determined
will not cause performance degradation. It is also below the STEL for carbon
monoxide which is 400 ppm (Reference 7).

Based on experience (Reference 3) with an aircraft turbine engine operated
in a closed third generation shelter, the AM32A-60 would not be expected to
generate unhealthful oxides of nitrogen levels. The AM32A-60 is known to
produce significant levels of aldehydes (Reference 12) which can result in
transient eye and respiratory tract irritation. Subjectively this did occur on
test E, however the irritation was not of sufficient duration or severity to
impair judgement or job performance.

The above discussion indicates that operation of a AM32A-60 in a closed
shelter during aircraft defueling maybe acceptable from a health standpoint.
Two points of caution must be noted. In a TABVEE shelter with its limited
dilution volume, a 20 minute defueling would result in a room average carbon
monoxide concentration of about 150 ppm; considerably above the AMRL 3 hour
standard (Reference 13). The workday PEL for carbon monoxide (i.e. 50 ppm)
could also be exceeded depending on the total exposure time during a workday.
Eye irritation would also be expected to be more severe in a TABVEE shelter.

1
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NORMAL IZED JP-4 CONCENTRATION (PERCENT OF STEL)
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Another important point is that US Air Force technical orders require an
operator near the AM32A-60 when it is running. The exposure to noxious gases
that this individual receives maybe considerably higher than room average
levels. For example, Reference 12 reports a peak concentration of 320 ppm CO
in a closed TABVEE shelter with an AM32A-60 operating. For these reasons the
use of the AM32A-60 during defueling in closed shelters requires further ex-
perimental evaluation.

On test G carbon monoxide levels were measured while a diesel powered fuel
truck operated inside the shelter during refueling. The highest carbon mon-
oxide level measured was about 50 ppm. This level was measured within two
meters of the fuel truck exhaust pipe. In general, carbon monoxide levels in
the vicinity of the fuel truck peaked at about 20 ppm by the end of the fueling
period. These levels are well below the PEL for carbon monoxide. Other
noxious gases were not measured but Table V shows an estimate of expected
concentrations based on emission factors for a warmed heavy duty diesel vehicle
at idle (Reference 14). The computations, given in Appendix A, assume a shel-
ter volume of 1500 m® (i.e. worst case). The results show that the diesel
exhaust should not result in unhealthful concentrations of oxides of nitrogen
and carbon monoxide and that it contributes only minimally to the total hydro-
carbon level. The fuel truck exhaust did cause slight eye irritation by the
end of the fueling period but by subjective evaluation the irritation was not
of sufficient duration or severity to impair judgement or job performance.

TABLE V

COMPARISON OF WORKDAY PERMISSABLE EXPOSURE
LEVELS (PEL) WITH CALCULATED FUEL TRUCK
EMISSIONS FOR IN-SHELTER REFUELING

CALCULATED
POLLUTANT CONCENTRATION PEL
carbon monoxide 3.7 ppm 50 ppm
hydrocarbons 2.1 mg/m? 350 mg/m?
nitric oxide 3.5 ppm 25 ppm
nitrogen dioxide 0.3 ppm 5 ppm
14
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SECTION VII
CONCLUSIONS AND RECOMMENDATIONS

Based on the information presented in this report the following conclusions
and recommendations concerning the industrial hygiene aspects of aircraft re-
fueling in closed aircraft shelters can be stated:

1. Because of the low vapor pressure of JP-8 compared with JP-4,
refueling with JP-8 is acceptable in both TABVEE and 3rd generation shelters
regardless of ambient air temperature.

2. In-shelter fuel spills of JP-4 or JP-8 should not result in unhealth-
ful breathing zone fuel vapor concentrations before spill clean-up and opening
the shelter.

3. Fuel truck exhaust generated inside either a TABVEE or 3rd generation
shelter during refueling should not result in unhealthful concentrations of
exhaust pollutants.

4. Refueling with JP-4 in a TABVEE or 3rd generation shelter should be
conducted only when the ambient air temperature is below 25°C to assure breathing
zone fuel vapor concentrations well below the permissable short term exposure
Timit.

5. Some eye irritation will occur when a diesel fuel truck is operated
in closed shelters during refueling. The eye irritation is not severe and is
not known to result in any permanent eye injury.

6. Additional tests are needed to determine if operating an AM32A-60
turbine generator inside a closed shelter during defueling is acceptable from a
health standpoint. '
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APPENDIX A
CALCULATIONS

A. Example Calculated Fuel Vapor Concentration

Fuel vapors expelled during refueling equals the vapor pressure of the fuel
divided by atmospheric pressure (745 mmHg) times the volume of fuel transferred:

Given: 4 m® of fuel transferred on test F
Vapor pressure of JP-4 at 268 K (23°F) is 41 mmHg (Reference 9)

Fuel vapor expelled = Ay 4 - 0.22 m?
745
The weight of fuel vapor expelled equals the volume of vapors divided by the
liters of gas per molecular weight (22.4 liters) times the molecular weight of
vapors (70 grams assumed Reference 9).

3
Grams of vapor expelled = gégé—ﬂL- x 10° x 70g = 694 g

Concentration in a Norwegian shelter if uniformly mixed is the mass divided
by the shelter volume (1500 m3):

_ 6% g

Vapor concentration TE00 m® X

10 = 462 mg/m?

B. Estimated Mass of Fuel Vapors Collected When Charcoal Tube Breakthrough has
Occurred

The total mass of fuel vapors the charcoal tube should have collected is:

t = f2/(f - 2b) (Reference 10)

Where:
f = mass of fuel vapor collected in the front tube section
b = mass of fuel vapor collected in the back tube section
t = estimated total mass collected

For one of the area samples taken on test B:

~4
"

15.4 mg JP-4

o
n

3.6 mg JP-4

17




Therefore,
t = 28.9 mg JP-4

The volume of air sampled was 25.4 liters therefore, the estimated concen-
tration, C, is:

_ 28.9mg _ 3
c = 0?5?31_%3 = 1138 mg/m

C. Estimated Concentration of JP-8 Vapors During Refueling in a Closed TABVEE
Shelter

Assume a worst case situation where 11.3 m’ of JP-8 is transferred with an
ambient temperature of 38°C.

Vapor pressure of JP-8 at 311K is 5.1 mmHg (Reference 9)

Fuel vapor expelled = ég%- x 11.3m® = 0.076 m®
Assuming a fuel vapor molecular weight of 70 {Reference 9),
Grams of vapor expelled = 0.076 m? x 70 x 10 = 217 g
24.45 2

The fuel vapor concentration in a TABVEE shelter if uniformly mixed is the
mass divided by the shelter volume (1850 m3):
b . 27 3 .
Vapor concentration T§§ﬁgﬁ’* x 10 117 Eg

D. Estimated Contribution of Diesel Exhaust in Closed Aircraft Shelter During
Aircraft Refueling.

Emission factors for a heavy duty diesel vehicle at idle from Reference 14

are:
Carbon monoxide (CO) = 0.64 g/min
Hydrocarbons (HC) = 0.32 g/min
Oxides of nitrogen (NOX) = 1,03 g/min

(as NO,)

Assuming the fuel truck runs about 10 minutes in the shelter, calculate the
mass of pollutants generated:

co 0.64 g/min  x 10 min = 6400 mg CO

HC 0.32 g/min  x 10 min = 3200 mg HC

NO 1.03 g/min  x 10 min = 10,300 mg NOx
X (as NO3)

18
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Since N0x from combustion sources is normally 95% NO and 5% NO,

[

NO, 10,300 mg NOX x 0.05 515 mg NO:

NO 10,300 mg NOx x 0.95 x 30 = 6381 mg NO
16

The shelter volume at Bardufoss was approximately 1500 m®. Assuming a well
mixed shelter the concentration of pollutants due to the fuel truck exhaust are:

co ?ggg z = 4.3 mg/m® = 3.7 ppm

3200 mg _ 3
HC Tgﬁﬁ—ag = 2.1 mg/m

6381 mg _ 3
1500 mT ° 4.3 mg/m°> = 3.5 ppm

515 m
NO:  tBggm

:

NO

]}

0.34 mg/m* = 0.3 ppm

(The reverse of this page is blank)
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